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Embodiments include a hydraulic fracturing system for 
fracturing a subterranean formation . The system includes an 
electric pump , arranged on a first support structure , the 
electric pump coupled to a well associated with the subter 
ranean formation and powered by at least one electric motor , 
and configured to pump fluid into a wellbore associated with 
the well at a high pressure so that the fluid passes from the 
wellbore into the subterranean formation and fractures the 
subterranean formation . The system also includes support 
equipment , arranged on a second support structure , electri 
cally coupled to the electric pump , wherein the support 
equipment includes at least a transformer for distributing 
power to the electric pump , the power being received from 
at least one generator at a voltage higher than an operating 
voltage of the electric pump . 

20 Claims , 11 Drawing Sheets 
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HIGH HORSEPOWER PUMPING Turbine use is well known as a power source , but is not 

CONFIGURATION FOR AN ELECTRIC typically employed for powering mobile fracturing opera 
HYDRAULIC FRACTURING SYSTEM tions . 

Some electric pumping configurations have a limited 
CROSS REFERENCE TO RELATED 5 horsepower ( HP ) range , such as between approximately 

APPLICATIONS 1750 HP and 2500 HP . This contrasts diesel powered pump 
ing configurations which may include horsepower ranges 

This application claims priority to and the benefit of U.S. between 2250 HP and 3000 HP . Fracturing operations with 
Provisional Application Ser . No. 62 / 594,925 filed Dec. 5 , high horsepower configurations which desire the benefits of 
2017 titled “ HIGH HORSEPOWER PUMPING CON- 10 electric powered pumps typically supplement with smaller 
FIGURATION FOR AN ELECTRIC HYDRAULIC FRAC diesel powered configurations , which may reduce or elimi 
TURING SYSTEM ” and U.S. Provisional Application Ser . nate the numerous benefits provided by electric powered 
No. 62 / 595,411 filed Dec. 6 , 2017 titled “ HIGH HORSE pumps . Moreover , rig up times may be increased because 

two different types of pumping configurations are trans POWER PUMPING CONFIGURATION FOR AN ELEC 15 ported and installed at the well site . TRIC HYDRAULIC FRACTURING SYSTEM ” the full 
disclosures of which are hereby incorporated herein by SUMMARY 
reference in their entirety for all purposes . 

Applicant recognized the problems noted above herein 
BACKGROUND 20 and conceived and developed embodiments of systems and 

methods , according to the present disclosure , for operating 
1. Technical Field electric fracturing pumps . 

In an embodiment a hydraulic fracturing system for 
This disclosure relates generally to hydraulic fracturing fracturing a subterranean formation includes an electric 

and more particularly to systems and methods for config- 25 pump , arranged on a first support structure , the electric 
uring high horsepower pumping systems . pump coupled to a well associated with the subterranean 

formation and powered by at least one electric motor , and 
2. Background configured to pump fluid into a wellbore associated with the 

well at a high pressure so that the fluid passes from the 
With advancements in technology over the past few 30 wellbore into the subterranean formation and fractures the 

decades , the ability to reach unconventional sources of subterranean formation . The system also includes support 
hydrocarbons has tremendously increased . Horizontal drill equipment , arranged on a second support structure , electri 
ing and hydraulic fracturing are two such ways that new cally coupled the electric pump , wherein the support 
developments in technology have led to hydrocarbon pro equipment includes at least a transformer for distributing 
duction from previously unreachable shale formations . 35 power to the electric pump , the power being received from 
Hydraulic fracturing ( fracturing ) operations typically at least one generator at a voltage higher than an operating 
require powering numerous components in order to recover voltage of the electric pump . 

In an embodiment a hydraulic fracturing system for oil and gas resources from the ground . For example , hydrau fracturing a subterranean formation includes a first support lic fracturing usually includes pumps that inject fracturing 40 structure , forming a pumping trailer . The first support struc fluid down the wellbore , blenders that mix proppant , chemi ture includes an electric pump fluidly connected to a well cals , and the like into the fluid , cranes , wireline units , and associated with the subterranean formation and configured many other components that all perform different functions to pump fluid into a wellbore associated with the well at a to carry out fracturing operations . high pressure so that the fluid passes from the wellbore into 
Usually in fracturing systems , the fracturing equipment 45 the subterranean formation and fractures the subterranean 

runs on diesel motors or by other internal combustion formation . The first support structure also includes at least 
engines . Such engines may be very powerful , but have one electric motor providing operational energy to the 
certain disadvantages . Diesel is more expensive , is less electric pump . The first support structure further includes a 
environmentally friendly , less safe , and heavier to transport first support component , the first support component regu 
than natural gas . For example , diesel engines are very heavy , 50 lating operation of the electric pump . The system also 
and so require the use of a large amount of heavy equipment , includes a second support structure , forming a support 
including trailers and trucks , to transport the engines to and trailer . The second support structure includes a second 
from a well site . In addition , such engines are not clean , support component , the second support component regulat 
generating large amounts of exhaust and pollutants that may ing electric power transmission to the electric pump . 
cause environmental hazards , and are extremely loud , 55 In an embodiment a hydraulic fracturing system for 
among other problems . Onsite refueling , especially during fracturing a subterranean formation includes at least one 
operations , presents increased risks of fuel leaks , fires , and generator and at least one switch gear receiving electrical 
other accidents . The large amounts of diesel fuel needed to power from the generator . The system also includes an 
power traditional fracturing operations require constant electric pump , arranged on a first support structure , the 
transportation and delivery by diesel tankers onto the well 60 electric pump coupled to a well associated with the subter 
site , resulting in significant carbon dioxide emissions . ranean formation and powered by at least one electric motor 
Some systems have tried to eliminate partial reliance on arranged on the first support structure , the electric pump 

diesel by creating bi - fuel systems . These systems blend configured to pump fluid into a wellbore associated with the 
natural gas and diesel , but have not been very successful . It well at a high pressure so that the fluid passes from the 
is thus desirable that a natural gas powered fracturing system 65 wellbore into the subterranean formation and fractures the 
be used in order to improve safety , save costs , and provide subterranean formation . The system also includes a trans 
benefits to the environment over diesel powered systems . former , arranged on a second support structure , positioned 



5 

US 10,648,311 B2 
3 4 

between the switch gear and at least one electric motor , the drawings , specific terminology will be used for the sake of 
transformer reducing a voltage output from the at least one clarity . However , the disclosure is not intended to be limited 
switchgear . to the specific terms used , and it is to be understood that each 

specific term includes equivalents that operate in a similar 
BRIEF DESCRIPTION OF DRAWINGS manner to accomplish a similar purpose . 

When introducing elements of various embodiments of 
The present technology will be better understood on the present disclosure , the articles “ a ” , “ an ” , “ the ” , and 

reading the following detailed description of non - limiting " said ” are intended to mean that there are one or more of the 
embodiments thereof , and on examining the accompanying elements . The terms “ comprising ” , “ including ” , and “ hav 
drawings , in which : 10 ing ” are intended to be inclusive and mean that there may be 

FIG . 1 is a schematic block diagram of an embodiment of additional elements other than the listed elements . Any 
a hydraulic fracturing system , in accordance with embodi examples of operating parameters and / or environmental 
ments of the present disclosure ; conditions are not exclusive of other parameters / conditions 

FIG . 2 is a schematic block diagram of an embodiment of of the disclosed embodiments . Additionally , it should be 
a pumping configuration , in accordance with embodiments 15 understood that references to " one embodiment ” , “ an 
of the present disclosure ; embodiment " , " certain embodiments ” , or “ other embodi 

FIG . 3A is a schematic block diagram of an embodiment ments ” of the present disclosure are not intended to be 
of a pumping configuration , in accordance with embodi interpreted as excluding the existence of additional embodi 
ments of the present disclosure ; ments that also incorporate the recited features . Further 

FIG . 3B is a schematic block diagram of an embodiment 20 more , reference to terms such as “ above ” , “ below ” , “ upper ” , 
of a pumping configuration , in accordance with embodi “ lower ” , " side ” , “ front ” , “ back ” , or other terms regarding 
ments of the present disclosure ; orientation or direction are made with reference to the 

FIG . 4A is a schematic block diagram of an embodiment illustrated embodiments and are not intended to be limiting 
of a pumping configuration , in accordance with embodi or exclude other orientations or directions . Additionally , 
ments of the present disclosure ; 25 recitations of steps of a method should be understood as 

FIG . 4B is a schematic block diagram of an embodiment being capable of being performed in any order unless 
of a pumping configuration , in accordance with embodi specifically stated otherwise . Furthermore , the steps may be 
ments of the present disclosure ; performed in series or in parallel unless specifically stated 

FIG . 5 is a schematic block diagram of an embodiment of otherwise . 
a pumping configuration , in accordance with embodiments 30 Embodiments of the present disclosure describe systems 
of the present disclosure ; and methods for various pump configurations to produce 

FIG . 6 is a schematic block diagram of an embodiment of greater horsepower ( HP ) output with a smaller footprint at a 
a hydraulic fracturing system , in accordance with embodi well site . In certain embodiments , various components may 
ments of the present disclosure ; be arranged on a common support structure , such as a trailer 

FIG . 7 is a schematic block diagram of an embodiment of 35 or skid . For example , the trailer may include a transformer , 
a hydraulic fracturing system , in accordance with embodi variable frequency drive ( VFD ) , and pump . In such embodi 
ments of the present disclosure ; ments , the total area available for pumps on the trailer may 

FIG . 8A is a schematic perspective view of an embodi be decreased due to the support equipment , and as a result , 
ment of an enclosure , in accordance with embodiments of the horsepower output from the pump may be reduced 
the present disclosure ; 40 because of its size . In various embodiments , a separate skid 

FIG . 8B is a schematic perspective view of an embodi or trailer may be utilized for certain support components to 
ment of an enclosure , in accordance with embodiments of thereby enable larger pumps or more pumps to be positioned 
the present disclosure ; on the pump trailer to increase the total horsepower output 

FIG . 9 is a partial schematic perspective view of an and reduce the number of pump trailers arranged at the well 
embodiment of an enclosure , in accordance with embodi- 45 site . 
ments of the present disclosure ; Embodiments of the present disclosure describe systems 

FIG . 10 is a schematic block diagram of an embodiment and methods for pumping configurations utilizing electric 
of a pumping configuration , in accordance with embodi powered pumps that produce horsepower greater than or 
ments of the present disclosure ; and equal to diesel - powered pumping configuration . As 

FIG . 11 is a schematic block diagram of an embodiment 50 described above , diesel - powered systems are noisy and 
of a pumping configuration , in accordance with embodi generate pollution . Moreover , transportation of fuel to well 
ments of the present disclosure . sites may be costly and availability of fuel may delay or 

While the disclosure will be described in connection with otherwise bottleneck fracturing operations . In various 
the preferred embodiments , it will be understood that it is embodiments , electric pumping configurations include trail 
not intended to limit the disclosure to that embodiment . On 55 ers or skids with a pump and a VFD mounted on a single 
the contrary , it is intended to cover all alternatives , modifi skid or trailer . In certain embodiments , the VFD may be 
cations , and equivalents , as may be included within the spirit moved to a separate auxiliary skid to increase the room 
and scope of the disclosure as defined by the appended available on the trailer or skid housing the pump . As a result , 
claims . multiple pumps may be situated on the skid or trailer , or 

60 larger pumps may be situated on the skid or trailer . In 
DETAILED DESCRIPTION various embodiments , a single trailer or skid may have a 

capacity for a 6000 + HP output utilizing a variety of con 
The foregoing aspects , features , and advantages of the figurations such as a single pump with multiple electric 

present disclosure will be further appreciated when consid motors , a single motor powering a large pump , a large motor 
ered with reference to the following description of embodi- 65 powering multiple electric pumps , or the like . 
ments and accompanying drawings . In describing the In various embodiments , the pumps utilized with the 
embodiments of the disclosure illustrated in the appended disclosed configurations may include non - standard fluid 
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ends ( e.g. , a fluid manifold with valves and seats to isolate space restrictions at the well site . The illustrated embodi 
a suction side and high pressure discharge side without ment further includes support equipment 106 for the turbine 
allowing back flow ) . By way of example only , the fluid ends generators 104A - D , such as compressors 108 , filters 110 , 
may include more than 3 plungers ( e.g. , triplex ) or more than heaters 112 , and the like . It should be appreciated that other 
5 plungers ( e.g. , quintaplex ) or plunger stroke lengths longer 5 equipment , such as electronic equipment rooms and the like , 
than 11 inches . For example , the fluid ends may be septen have been omitted for clarity . 
plex ( 7 plungers ) , novenplex ( 9 plungers ) , undenplex ( 11 The illustrated embodiment further includes a power 
plungers ) , tredenplex ( 13 lungers ) , or include any other distribution section 114 including switch gears 116A , 116B 
reasonable number of plungers . Size constraints and the like for protection and distribution , as well as step down trans 
have produced difficulty utilizing such pumps in other 10 formers 118 and auxiliary units 120. As shown , the genera 
systems . However , by adjusting the position of various tors 104A - D produce electrical energy at 13.8 kV for trans 
support equipment for the pumps , such as VFDs , transform mission to the switch gear 116A , 116B . Thereafter , the step 
ers , and motor control centers ( MCCs ) , the trailer or skid down transformers 118 receive and convert the energy to 
may have sufficient size to accommodate larger or non 600 V , which is distributed to pumps 122. As shown , the 
standard pumps for use with hydraulic fracturing . 15 auxiliary units 120 are utilized to step down the energy for 

In various embodiments , the pumping configurations the associated fracturing equipment , such as a data van 124 , 
described herein may include a support skid . This support blender 126 , a hydration unit 128 , and sand equipment 130 . 
skid may include auxiliary components for operating the In various embodiments , the auxiliary units may include 
pumps , such as the VFDs , transformers , MCCs , and the like transformers to step down the energy to 600 V , 240 V , or any 
to thereby free up space on the skid or trailer housing the 20 other reasonable voltage output . 
pumps for various additional different configurations , such Continuing with FIG . 1 , the illustrated embodiment fur 
as more pumps or larger pumps . While referred to herein as ther includes hydraulic fracturing equipment , such as the 
“ support skids ” it should be appreciated that the components illustrated pumps 122 , data van 124 , blenders 126 , hydration 
associated with the support skids may be mounted on a skid unit 128 , and sand equipment 130. It should be appreciated 
or trailer . That is , the term “ support skid ” should not be 25 that various components have been simplified and / or 
interpreted as limiting the base or support structure to only removed for clarity . Moreover , the embodiment illustrated in 
a skid and other support structures , such as pads , trailers , FIG . 1 is not intended to be limiting . For instance , more than 
truck beds , and the like may also be utilized and fall within 8 twin frac pumps may be arranged at the well site . More 
the scope of the embodiments disclosed herein . Moreover , over , multiple data vans , blenders , sand equipment , and 
references to “ pump trailers ” should be interpreted as 30 hydration units may be utilized . The illustrated pumps 122 
including embodiments where the support structure for the are twin frac pumps . The twin frac pumps may be arranged 
pumps and / or associated pumping equipment includes a on a common skid or trailer and receive energy from the 
trailer , a skid , a pad , a truck bed , or any other reasonable transformers 118. It should be appreciated that the pumps 
support structure . 122 may be configured to operate at different voltages , such 

Various embodiments utilize VFDs in order to control and 35 as 600 V , 13.8 kV , 4,160 V , or any reasonable voltage . 
monitor operation of the electric fracturing pumps . The Moreover , in embodiments the pumps 122 may be singular 
VFDs may include soft stalls for improved operation . The pumps mounted on a trailer or skid . However , in embodi 
soft stall allows the VFD to " disengage ” the motor for a ments that utilize the twin frac pumps , the trailer or skid may 
short amount of time ( such as milliseconds ) instead of include two fully independent , electrically powered fluid 
tripping the VFD off to protect the drive and motor . Due to 40 pumps . In various embodiments , the illustrated fleet is 
fluctuations in the wellhead pressure and pump fluid rate , if capable of generating approximately 16,000 HP for fractur 
the VFD is near its upper limitations on torque a small ing jobs . As will be described below , different configura 
fluctuation of pressure can cause the VFD to “ trip ” or shut tions , for example of the pumps , may enable more than 
down to protect itself to prevent damage . The soft stalls approximately 20,000 HP . 
allow the VFD to stall temporarily then reengage the motor 45 FIG . 2 is a schematic diagram of an embodiment of a twin 
instead of shutting down completely . These “ soft stalls ” are trailer 200. It should be appreciated that twin frac 
unnoticed by the operator and are so quick that total fluid pumps 202A , 202B may also be arranged on a skid , pad , 
rate is not affected . This feature allows operation of the bed , or any other reasonable support structure 204. As 
VFDs and motors at higher horsepower without fear of illustrated , a transformer 206 steps down electrical energy 
suffering an unexpected shutdown . Rated hydraulic horse- 50 from 13.8 kV to 600 V and may be rated for approximately 
power ( HHP ) may be increased from 1,600 HP to 1,700 HP . 3500 kVA . The 600 V power is transmitted to the pumps 
In various embodiments , the soft stall is a software setting 202A , 202B , for example via cabling 208 , through a VFD 
implemented as an executable instruction stored on a non and MCC 210. In various embodiments , the VFD and MCC 
transitory machine readable memory and initiated by an 210 are arranged on the same support structure 204 ( e.g. , 
associated processor of a control system . 55 trailer , skid , pad , bed , etc. ) as the dual electric fracturing 

FIG . 1 is a simplified block diagram of an embodiment of pumps illustrated in FIG . 2. It should be appreciated that 
a hydraulic fracturing system 100. In the illustrated embodi while the VFD and MCC 210 are illustrated as a single unit 
ment , a power generation section 102 includes four turbine in the illustrated embodiment , in other embodiments the 
generators 104A - D arranged to produce electrical energy at VFD and MCC may be separate and distinct units , which 
approximately 13.8 kV and generate more than approxi- 60 may not be both arranged on the support structure 204. The 
mately 20 MW of power depending on demand , size , and the illustrated pumps 202A , 202B produce approximately 1,750 
like . That is , different types of generators may be arranged HP , which allows for the trailer to have a combined output 
at the well site and produce different quantities of electrical of approximately 3,500 HP . It should be appreciated that 
energy . For instance , the generators may produce electrical various components have been eliminated for clarity . For 
energy at approximately 600 V , 4,160 V , or any other 65 example , each fluid pump 202A , 202B may include an 
reasonable voltage output . Furthermore , different sizes of electric motor , motor cooling equipment , a power end , a lube 
generators may be utilized in order to accommodate size and oil cooler , a fluid end , and the like . In embodiments , the 
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additional equipment may be arranged on the same support have been substantially separated onto two different support 
structure 204. However , in various embodiments , the addi structures 408 , 410 , for example two different trailers . A 
tional equipment may be on an auxiliary or separate support notable difference from FIG . 3A is the inclusion of an MCC 
structure . 412 on the trailer 408 supporting the pair of pumps 404A , 

In various embodiments , hydraulic fracturing jobs may 5 404B , rather than on the trailer 410 for the support equip 
utilize upwards of 28,000 HP . Accordingly , utilizing the ment 406. While this configuration occupies additional 
configuration illustrated in FIG . 2 would lead to approxi space on the pump trailer , it enables improved and efficient 
mately 8 twin frac pump trailers 200 at the site , as illustrated cable management and increase electrical safety . With the 
in FIG . 1. This configuration may take up significant space , MCC 412 on the pump trailer 408 , only power and some 
which may be limited at various fracturing sites . Moreover , 10 communication cables will be used between the auxiliary 
mobilizing and demobilizing the equipment may be time trailers and the pump trailers . In various embodiments , the 
consuming . Accordingly , various embodiments disclosed MCC 416 will include breakers to distribute power to 
herein may be utilized to produce more horsepower per equipment components both large and small . In various 
pump trailer to thereby reduce the number of pump trailers embodiments , the equipment may include lights , heaters , 
at the site . 15 blowers , small pumps , control computers , motors , and the 
FIGS . 3A and 3B are schematic diagrams of embodiments like . 

of frac pump trailer configurations 300 , 302 which may In the illustrated embodiment , the support structure 410 
produce approximately 6,000 HP . As shown in FIG . 3A , with the support equipment 406 ( which may be referred to 
pumps 304A , 304B , 304C and the support equipment 306 as a support trailer ) includes a transformer 414 for stepping 
have been separated onto two different support structures 20 down the 13.8 kV energy . As described above , in various 
308 , 310 , for example two different trailers . A first trailer embodiments the voltage may be stepped down to 600 V , 
312 includes a transformer 314 for stepping down the 13.8 however it should be appreciated that different output volt 
kV voltage . As described above , in various embodiments the ages may be utilized . The support trailer also includes a VFD 
voltage may be stepped down to 600 V , however it should be 416 for controlling operation of the electric motor or motors 
appreciated that different output voltages may be utilized . 25 ( not shown ) powering the pumps 404A , 404B . FIG . 4A also 
The first trailer 312 also includes the VFD / MCC 316 for illustrates the support structure 408 with the pumps 404A , 
controlling operation of the electric motor powering the 404B ( which may be referred to as a pump trailer ) , as 
pumps . As noted above , the VFD / MCC 316 may be inte described above . The pump trailer includes the pair of 
grated into a singular unit or may be separate and distinct electric pumps 404A , 404B and the MCC 412. The illus 
units . FIG . 3A also illustrates a second trailer 318 having 30 trated pumps 404A , 404B are rated for approximately 2,500 
three electric pumps 304A - C . The illustrated pumps are 3,000 HP each , thereby providing a configuration to produce 
rated for approximately 2,000 HP each , thereby providing a approximately 5,000-6,000 HP . As described above , because 
configuration to produce approximately 6,000 HP . The there are only two pumps on the trailers the pumps may be 
embodiment illustrated in FIG . 3A may include various larger and therefore capable of producing additional power 
cabling and instrumentation permanently mounted to the 35 output . 
first trailer 312 for supporting the transformer 314 and FIG . 4B illustrates the configuration in which the trans 
VFD / MCC 316. As a result , connections may be simplified former 414 and VFD 416 are on different support structures , 
at the site because separate cabling and the like will not be 418 , 420 such as different skids or trailers . Additionally , the 
run between the transformer 314 and the VFD / MCC 316 . MCC 412 is mounted on the same trailer 408 as the pumps 
Moreover , simplified connections via power cables may be 40 404A - C , as described above with respect to FIG . 4A . For 
used to transmit power to the electric pumps 304A - C , example , the illustrated transformer 414 is arranged separate 
thereby reducing the likelihood of misconnections at the from the VFD 416 , for example on different support struc 
well site and improving reliability . tures 418 , 420. Accordingly , cabling and the like may be 

FIG . 3B illustrates a configuration in which the trans arranged between the transformer 414 and the VFD 416 to 
former and VFD / MCC are on different support structures , 45 enable transmission of electrical energy . Furthermore , illus 
such as different skids or trailers . For example , the illustrated trated on the separate support structure 408 , such as a trailer 
transformer 314 is arranged separate from the VFD / MCC or skid , is three electric pumps 404A - C rated for approxi 
316 , for example on different support structures 320 , 322 . mately 1,750 HP and the MCC 412. Because there are more 
Accordingly , cabling 324 and the like may be arranged pumps 404A - C on the trailer 408 , each pump 404A - C may 
between the transformer 314 and the VFD / MCC 316 to 50 be smaller than configurations with fewer pumps . Addition 
enable transmission of electrical energy . Furthermore , illus ally , as described above , the MCC 412 occupies space on the 
trated on a separate support structure 326 such as a trailer or trailer , but provides improved and efficient cabling . The 
skid , is a pair of electric pumps 304A , 304B rated for embodiment illustrated in FIG . 4B may produce approxi 
approximately 3,000 HP . Because there are fewer pumps mately 5,250 HP . Accordingly , using the embodiments illus 
304A , 304B on the trailer 326 , compared to FIG . 3A , larger 55 trated in FIGS . 4A and 4B , producing approximately 28,000 
pumps may be utilized , which enables the pump trailer 302 HP will utilize approximately 5 or 6 trailers , as opposed to 
to produce approximately 6,000 HP total . Accordingly , using 8. As a result , the system may have a smaller footprint at the 
the embodiments illustrated in FIGS . 3A and 3B , producing site and also have less equipment to connect , disconnect , and 
approximately 28,000 HP will utilize approximately 5 trail 
ers , as opposed to 8 , for example using the configuration of 60 FIG . 5 is a schematic diagram of an embodiment of a frac 
FIG . 2. As a result , the system may have a smaller footprint pump trailer configuration 500 which may produce approxi 
at the site and also have less equipment to connect , discon mately 3,000 HP . In the illustrated embodiment , a trans 
nect , and move . former 502 , VFD / MCC 504 , and electric pump 506 are all 

FIGS . 4A and 4B are schematic diagrams of embodiments located on a common support structure 508 , such as a trailer 
of frac pump trailer configurations 400 , 402 which may 65 or skid . Because of the support equipment arranged on the 
produce approximately 5,000-6,000 HP . As shown in FIG . trailer 508 , the size of the pump 506 may be reduced , and 
4A , the pumps 404A , 404B and the support equipment 406 therefore produces between approximately 1,750 and 3,000 
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HP . The configuration illustrated in FIG . 5 enables perma Various embodiments may include a support skid , trailer , 
nent cabling to be installed on the trailer to facilitate or body load , as described above , to free up space on the 
connection at the well site . For example , power may be pump trailers ( e.g. , pump skid , pump pad , etc. ) for additional 
transmitted to the trailer from the switch gear , as illustrated pumps and / or larger pumps . As described above , it should be 
in FIG . 5. Accordingly , the embodiment illustrated in FIG . 5 appreciated that references to a “ support skid ” may also 5 provides a compact and simplified configuration at the refer to a support trailer , a support pad , a body load , or any 
well site . other reasonable configuration . By way of example only , the 

FIG . 6 is a schematic diagram of an embodiment of a support skid may include a main transformer , such as a step hydraulic fracturing system 600 including a power genera down transformer to take power down from 13.8 kV on the tion section 602 , a power distribution section 604 , and 10 primary side ( e.g. , inlet ) to 4,160 V on the secondary side hydraulic fracturing equipment 606. The illustrated embodi ( e.g. , outlet ) . Furthermore , the transformer and / or support ment includes hydraulic fracturing pumps 608 , for example skid may include mounted on a common trailer or skid 610 with a transformer a bus , which be common or separate , may 

612 and VFD and MCC 614 , in a configuration to produce to feed the VFD and the MCC . 
approximately 30,000 HP . As illustrated , there are 10 dif- 15 FIGS . 8A and 8B are schematic perspective views of 
ferent frac pump trailers 610 , which may have the same embodiments of enclosures 800 , 802 for VFD assemblies . 
configuration illustrated in FIG . 5. By incorporating the As described above , in various embodiments the VFDs may 
embodiment illustrated in FIG . 5 , the separate transformers be housed within enclosures that include weather - proof 
illustrated in FIG . 1 have been removed because the trans and / or oil field condition - proof configurations , such as being 
formers 612 are already included with the pump trailers 610. 20 blast proof or dust proof . The illustrated embodiment 
Accordingly , a more compact configuration may be arranged includes an outdoor medium voltage adjustable speed drive 
at the well site . and an advanced enclosure design and power section topol 

FIG . 7 is a schematic diagram of an embodiment of a ogy . Namely , the illustrated embodiments are particularly 
hydraulic fracturing system 700 including a power genera designed for mounting in remote locations , such as harsh 
tion section 702 , a power distribution section 704 , and 25 environments including desert or oil - field conditions . It 
hydraulic fracturing equipment 706 , as described in detail should be appreciated that alternative embodiments may not 
above . The illustrated embodiment may produce approxi have an integrated outdoor enclosure . 
mately 30,000 HP . As shown , a transformer 708 and VFD FIG . 9 is a schematic partial perspective view of the 
710 are removed from the frac pump trailers 712 that support enclosure for the VFD assembly 900 illustrating the trans 
one or more pumps 714 and are supported separately , for 30 former section 902 , rectifier / control section 904 , and 
example via a separate trailer or skid 716. In various inverter / output section 906. In various embodiments , the 
embodiments , the MCC may be incorporated into the trailer VFD assembly 900 may include one or more features or 
712 supporting the pumps 714 or the trailer 716 supporting controls to enable low harmonics , meeting or exceeding 
the transformer 708 and VFD 710 , as described above . As IEEE 519-2014 specifications . Moreover , the VFD assembly 
shown , the illustrated configuration includes 5 frac pump 35 900 may further enable a higher true power factor ( e.g. , 
trailers , and in various embodiments a single large pump on greater than 0.95 ) than configurations that run motors across 
the frac pump trailer 712 , a pair of frac pumps , three frac the line . In various embodiments , an advanced user interface 
pumps , or any reasonable number in order to produce the design enables operators to interact with the VFD assembly 
particularly selected amount of horsepower . The illustrated 900 to control or monitor operations . 
embodiment further includes the auxiliary units for supply- 40 In various embodiments , the VFD assembly 900 may 
ing electrical energy to the support equipment , such as the operate in temperatures from -45 degrees C. to 50 degrees 
data van 718 , blenders 720 , hydration unit 722 , and sand C. , thereby providing flexibility in operations . Moreover , the 
equipment 724 , as described above . VFD assembly 900 may be configured to enable operation 

Further illustrated in the power distribution section 704 is with standard motors without the need for special motor 
load sharing between the switch gear 726 to keep the load 45 insulation or cables . In order to provide predictability in 
balanced across the generators 728A - D . This balance may operations , the VFD assembly 900 may be designed with a 
be achieved even though there are an unequal number of ten - year mean time between failures , thereby enabling 
pump trailers utilized in the system . That is , a first switch operators to plan for maintenance activities . 

may transmit energy to two different frac pump Furthermore , in various embodiments the VFD assembly 
trailers and a second switch gear 726b may transmit energy 50 900 incorporates an enclosure cooling system ( not pictured ) 
to three different frac pump trailers . with a combination of air - to - air heat exchangers along with 

It should be appreciated that various embodiments of the forced air cooling of the power modules . Utilizing a totally 
components of the present disclosure may utilize a variety of enclosed cooling system where no ( or nearly no ) exchange 
equipment in order to achieve a desired end . For example , of internal air and external air occurs enables the internal 
the pumps described herein may be magnetic coil , recipro- 55 drive components to remain clean and uncontaminated from 
cating , centrifugal , positive displacement , rotary ( e.g. , gear the environment , which may include pollutants or dust . 
pumps , screw pumps , rotary vane pumps ) , progressing cav Accordingly , the costs and challenges associated with filter 
ity , roots - type , peristaltic , plunger , hydraulic ram , velocity , maintenance to keep the pollutants or dust out of the 
or any other reasonable type of pumps . Moreover , the VFDs enclosure are eliminated . 
may be housed within an enclosure having an internal air 60 Embodiments of the VFD assembly 900 further include a 
conditioned space for technicians . In various embodiments , copper - wound input isolation transformer that provides 36 
the VFD enclosures may no longer be a “ house ” and rather pulse phase - shift harmonic cancellation that meets or 
be panels that are weather and oil - field condition proof ( e.g. , exceeds IEEE 519-2014 . This isolation transformer may 
blast proof , water proof , dust proof , etc. ) . Accordingly , the function similarly to a linear load on the incoming AC line . 
size of the housing may be decreased as the technicians may 65 The soft charge reactor on the primary side of the isolation 
access the exterior panels while standing beside the trailers transformer maximizes the longevity of the transformer and 
or skids . minimizes the in rush current on weak grid systems . 

gear 726A 
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Additionally , embodiments of the VFD assembly 900 available digital programmable outputs . In various embodi 
further include a five - level NPC PWM output that closely ments , the VFD control interface includes analog input , such 
simulates a true sine wave , which minimizes motor failures as three selectable currents ( 0/4 to 20 mA ) or voltage ( 0-10 
caused by insulation stress and long lead - length issues . The VDC ) input signals . It may also include analog outputs , such 
output waveform topology may be suitable for use on as three to eight selectable output current ( 0/4 to 20 mA ) or 
existing non - inverter duty motors without upgrading the voltage ( 0-10 VDC ) . In certain embodiments , the control 
motor insulation system . interface further includes communication ports , for 

In various embodiments , the VFD assembly 900 utilizes example , Profibus , Modbus RTU & TCP , TOSLINE - S20 , 
advanced IGBT technology with robust multi - level topology TCNet , Ethernet Global Data ( EGD ) , DeviceNet & Ether 
and controls with a fast industrial processor . Furthermore , an 10 Net / IP . Furthermore , the control interface may include safety 
LCD Electronic Operator Interface enables quick , user features such as a standard pad - lockable input fuse discon 
friendly programming . In various embodiments , faults are nect switch with vacuum contactor , interlocked doors , and 
logged containing date and time steps . Furthermore , pro viewing window . 
gramming inputs and outputs are included to meet specific Furthermore , in various embodiments , each VFD will also 
application needs . Moreover , the VFD assembly 900 may 15 be able to be controlled remotely via a wired or wireless 
further include software to capture , extract , and compress control from the hydraulic fracturing data van control mod 
full operating data at the time of a fault . This track - back data ule or a remote suitcase . Moreover , a local display may be 
allows users to capture data with ease for detailed fault included . In embodiments , the local display is a 4 - digit , 
analysis , which can be submitted for remote diagnostics and 7 - segment LED display and 4x20 character graphical plain 
support . In various embodiments , the VFD assembly 900 20 English back - lit LCD display for programming , monitoring , 
and associated software will include functional capabilities and diagnostics . Furthermore , local LED indicators may be 
to communicate with one or more of DeviceNet , EtherNet / included , such as run ( red ) / stop ( green ) and local ( green ) . 
IP , Modbus RTU , Modbus TCP , Profibus , Tosline - S20 , Additionally , embodiments may incorporate local keys , such 
TCNet , and Ethernet Global Data ( EGD ) . as local / remote , enter , mon / Prg , Esc , Run , and Stop / Reset , 

In various embodiments , the VFD assembly 900 may 25 and monitoring . The monitoring may relay information to a 
further include features to streamline operations or provide frequency command screen , and display parameters such as 
improved diagnostic information . These features may motor current , motor speed , motor voltage , de voltage , input 
include , communication cards , door - mounted equipment voltage , output voltage , run time , output power , motor kW , 
such as meters , pilot lights , speed potentiometer , and motor kWH , motor KVAH , motor KVAR , and on - time Con 
switches , direct online bypass , motor protection relay , RTD 30 trol power . In various embodiments , the above - described 
monitor , dv / dt or sine wave output filters , a solid state outdoor enclosure is NEMA 3R , free standing , and provides 
starter bypass , and multiple motors synchronous transfer and front - access only . Additionally , the outdoor enclosure may 
capture . Further re , features such as synchronous mo have bottom - entry power cables for input as well as the 
control ( AC Brushless / DC Brush Type ) and drive and motor above - described forced - air cooling . In various embodi 
space heater may also be incorporated . Additionally , an 35 ments , components of the present disclosure comply with 
optional walk - in enclosure for power electronic components standards and compliances such as NEC , NEMA , UL , ULC , 
may be utilized . In embodiments , the VFD assembly may ANSI , & American Recovery & Reinvestment Act Compli 
also include a voltage source inverter ( VSI ) with V / f Control ant . 
and PID control and induction motor sensorless vector FIG . 10 is a schematic diagram of an embodiment of a 
control synchronous motor sensorless Vector Control , and 40 power distribution configuration 1000. In the illustrated 
Closed Loop Vector Control ( Using Pulse Generator embodiment , a first trailer or skid 1002 , which 
Encoder or Resolver ) . referred to as a support skid , includes a primary transformer 
As described above , in various embodiments the VFD is 1004 and two VFDs 1006A , 1006B . As shown , the VFDs 

utilized to control the one or more motors that operate the each include a VFD isolation transformer , a VFD rectifier / 
electric frac pumps . Specifications for the VFDs may 45 control , and a VFD inverter / output . This support skid sup 
include 3,500 HP - 6,000 HP drive ( one embodiment would plies electrical energy to a second trailer or skid 1008 , which 
be two 3,500 HP drives powering two 3,000-3,500 HP may be referred to as a frac pump trailer , that includes an 
pumps ) ( another embodiment would be one 6,000 HP drive MCC 1010 and a pair of pumps 1012A , 1012B with asso 
powering one 6,000 HP pump ) , output frequency of 0-120 ciated motors 1014A , 1014B and couplings 1016A , 1016B . 
HZ , and a control method including a five - level pulse - width 50 The pair of pumps 1012A , 1012B may each be rated at or 
modulation ( PWM ) output control with neutral - point clamp about 3,000 HP . In the illustrated embodiment , each VFD 
ing ( NPC ) . Additionally , the VFD may include V / Hz Control 1006A , 1006B of the support skid 1002 is utilized to control 
such as V / Hz , sensorless vector control , variable torque , and monitor operations of a respective motor 1014A , 1014B 
closed - loop vector control , and constant torque . In embodi powering one of the pumps 1012A , 1012B on the frac pump 
ments the VFD has a rotary encoder integrated into EOI . The 55 trailer 1008. Accordingly , as described above , there is addi 
VFD may also be used to protect the motor and / or the pumps tional space available on the frac pump trailer 1008 , due to 
via current limits , overcurrent , overload , undervoltage , over the removal of elements such as the transformer or VFDs , 
voltage , ground fault , CPU error , and soft stall . In certain and therefore more or larger pumps may be arranged on the 
embodiments , the VFD may include speed regulation in the frac pump trailer 1008 . 
open loop up to 0.5 % and the closed loop up to 0.1 % . 60 FIG . 11 is a schematic diagram of an embodiment of a 
Further the VFD may include an overload current rating of power distribution and pumping configuration 1100. The 
100 % continuous or 115 % for one minute every 20 minutes . illustrated embodiment includes the first trailer 1102 , which 
As described above , the VFD assembly may be operable may be a support skid , having the primary transfer 1104 and 

via a control interface that enables operators to monitor and a VFD 1106. The illustrated VFD 1106 includes the isolation 
control the VFDs . The VFD control interface may include 65 transformer section , the rectifier / control section , and the 
digital input , such as ten discrete inputs with programmable inverter / output section . The support skid 1102 supplies 
functions . It may also include digital output , such as ten power and controls the motor of the second trailer 1108 , 
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which may be a frac pump trailer . The illustrated frac pump 2. The system of claim 1 , wherein the second support 
trailer 1108 includes the MCC 1110 and a single pump 1112 , structure is separated from and distinct from the first support 
which further includes a motor 1114 and coupling 1116. The structure . 
illustrated pump 1112 may be rated for 6,000 HP . As 3. The system of claim 1 , wherein the first support 
described above , removing one or more components from 5 structure and the second support structure are at least one of 
the frac pump trailer enables larger pumps . Compared to the a trailer , a skid , a pad , a truck bed , or a combination thereof . 
embodiment illustrated in FIG . 10 with the dual pumping 4. The system of claim 1 , further comprising : configuration , the embodiment illustrated in FIG . 11 may a variable frequency drive connected to the at least one have a larger pump having a larger horsepower capability . electric motor to control the speed of the at least one It should be appreciated that while various embodiments 10 electric motor . described herein discuss voltages such as 4,160 V or 13.8 kV 5. The system of 4 , wherein the control system comprises that other voltages may be utilized . For example , other 
options may include 600 V , 480 V , 240 V , or any other the variable frequency drive . 
voltage that may be utilized commercially . Frequency can be 6. The system of claim 1 , wherein the three electric pumps 
approximately 50 Hz or 60 Hz . Moreover , in embodiments , 15 have a combined horsepower of between 5,000 and 6,000 
the turbine generators may each produce approximately 5.7 horsepower . 
MW of electricity . However , other turbine generators pro 7. The system of claim 1 , further comprising : 
ducing less electricity or more electricity may be utilized . a switch gear positioned separate from the second support 
Additionally , it should be appreciated that the power can be structure and between the at least one generator and the 
broken up into one or more banks . Moreover , in embodi- 20 transformer . 
ments , the generators and / or the equipment may be particu 8. A hydraulic fracturing system for fracturing a subter 
larly selected based on the power output or generate of the ranean formation , comprising : 
other . For example , in embodiments the generators may a first support structure , forming a pumping trailer , com 
produce power at 4,160 V and the associated equipment may prising : 
also operate at 4,160 V. In other embodiments , the genera- 25 three electric pumps fluidly connected to a well asso 
tors may produce power at 600 V and the associated ciated with the subterranean formation and config 
equipment may also operate at 600 V. In other embodiments , ured to pump fluid into a wellbore associated with 
the generators may produce power at 13.8 kV and the the well at a high pressure so that the fluid passes 
associated equipment may also operate at 13.8 kV . Addi from the wellbore into the subterranean formation 
tionally , as described above , various transformers may be 30 and fractures the subterranean formation ; 
utilized to step down voltages to enable equipment operating at least one electric motor providing operational energy 
at different voltages to be incorporated into various pumping to the three electric pumps ; 
configurations . a first support component , the first support component 

The present disclosure described herein , therefore , is well regulating operation of at least one of the three 
adapted to carry out the objects and attain the ends and 35 electric pumps ; and 
advantages mentioned , as well as others inherent therein . a cable management system , associated with the first 
While a presently preferred embodiment of the disclosure support structure , for coupling the three electric 
has been given for purposes of disclosure , numerous pumps to the at least one electric motor and the first 
changes exist in the details of procedures for accomplishing support component ; and 
the desired results . These and other similar modifications 40 a second support structure , forming a support trailer , 
will readily suggest themselves to those skilled in the art , comprising : 
and are intended to be encompassed within the spirit of the a second support component , the second support com 
present disclosure disclosed herein and the scope of the ponent regulating electric power transmission to at 
appended claims . least one of the three electric pumps ; and 

The invention claimed is : a control system for monitoring or controlling one or 
1. A hydraulic fracturing system for fracturing a subter more operational parameters of the three electric 

ranean formation , comprising : pumps , the second support structure having inte 
three electric pumps , arranged on a first support structure , grated instrumentation and cabling for coupling the 

the three electric pumps coupled to a well associated second support component and the control system . 
with the subterranean formation and powered by at 50 9. The system of claim 8 , wherein the second support 
least one electric motor , and configured to pump fluid component comprises at least one of a transformer , a vari 
into a wellbore associated with the well at a high able frequency drive , or a motor control center . 
pressure so that the fluid passes from the wellbore into 10. The system of claim 8 , wherein the first support 
the subterranean formation and fractures the subterra structure and the second support structure are separate 
nean formation ; and 55 components arranged remote from and not in contact with 

support equipment , arranged on a second support struc one another . 
ture , electrically coupled to the three electric pumps , 11. The system of claim 8 , wherein the first support 
wherein the support equipment includes at least a structure and the second support structure are at least one of 
transformer for distributing power to at least one of the a trailer , a skid , a pad , a truck bed , or a combination thereof . 
three electric pumps and a control system for monitor- 60 12. The system of claim 8 , wherein the second support 
ing or controlling one or more operational parameters component is a transformer for distributing power to at least 
of the three electric pumps , the power being received one of the three electric pumps , the power being received 
from at least one generator at a voltage higher than a from at least one generator at a voltage higher than a 
respective operating voltage of the three electric respective operating voltage of the three electric pumps . 
pumps , the second support structure having integrated 65 13. The system of claim 8 , wherein the three electric 
instrumentation and cabling for coupling the trans pumps have a combined horsepower of between 5,000 and 
former and the control system . 6,000 horsepower . 

45 
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14. The system of claim 8 , wherein a respective pump of pressure so that the fluid passes from the wellbore into 
the three electric pumps has a horsepower rating of between the subterranean formation and fractures the subterra 
approximately 1,750 and approximately 3,000 . nean formation ; 

15. The system of claim 8 , further comprising a plurality a transformer , arranged on a second support structure , 
of pumping trailers and a plurality of support trailers 5 positioned between the switch gear and at least one 
arranged at well site , wherein a combined horsepower of the electric motor , the transformer reducing a voltage out 

put from the at least one switchgear ; and respective electric pumps of the plurality of pumping trailers a control system , arranged on the second support struc is approximately 30,000 . ture , for monitoring or controlling one or more opera 
16. The system of claim 8 , wherein the first support tional parameters of the three electric pumps , the sec 

component comprises at least one of a transformer , a vari ond support structure having integrated instrumentation 
able frequency drive , or a motor control center . and cabling for coupling the transformer and the con 

17. A hydraulic fracturing system for fracturing a subter trol system . 
ranean formation , comprising : 18. The system of claim 17 , wherein the first support 

structure and the second support structure are separate at least one generator ; components arranged remote from and not in contact with 
at least one switch gear receiving electrical power from one another . 
the generator ; 19. The system of claim 17 , wherein the first support 

three electric pumps , arranged on a first support structure , structure and the second support structure are at least one of 
the three electric pumps coupled to a well associated a trailer , a skid , a pad , a truck bed , or a combination thereof . 
with the subterranean formation and powered by at 20. The system of claim 17 , wherein the three electric 
least one electric motor arranged on the first support pumps have a combined horsepower of between 5,000 and 
structure , the three electric pumps configured to pump 6,000 horsepower . 
fluid into a wellbore associated with the well at a high 
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